transient or permanent hyperactivity of the masticatory muscles, higher occlusal forces, bruxism, and temporomandibular disorders (TMDs). The rehabilitative procedures used to increase the OVD should be used cautiously, with respect for the clinical considerations of this decision. [3] Achieving esthetics after thorough treatment planning has been one of the main interests of the prosthodontists. Many studies have been done on various concepts of treating the patients to obtain harmonized occlusion, function, and esthetics. [4] [5] [6] Hence, the paramount objective of modern prosthodontic therapy should not only be the replacement of missing teeth but also to produce maximum stability together with a functional occlusion and improvement of the facial esthetics.
A well-balanced smile should always be an important treatment objective. Hence, a clinical study was conducted in Indian population to evaluate the effect of increasing OVD on dimensional measures or esthetic norms of smiles.
Methods
In the present study, 80 patients of both male and female were between the age groups of 21 and 30 years were selected. Written and verbal informed consent were taken from all the participants before the start of the study. The study was envisaged after the approval from the Ethical Committee Board of AME's Dental College and Hospital and Research Center, Raichur, Karnataka.
The inclusion criteria for the study were that the patients should be between 21 and 30 years of age, should be voluntarily involved in the study, have no missing anterior teeth, the maxillary central incisor should be free of caries and restoration. The volunteers should have at least three teeth in occlusion in posterior segments with no overlapping, no spacing, and no crowding in the anterior teeth, having an esthetically acceptable overjet and overbite with no discolorations and structural anomalies. The exclusion criteria for the study included any history of surgery in facial area, history of neurological disorders, inability, or unwillingness to smile and ear infections.
Diagnostic impressions of the participants were made, and then poured in dental stone following which the casts were articulated on semi-adjustable articulators (Hanau wide-vue II) after facebow transfer. The bite registrations were used to facilitate the accurate positioning of the maxillary and mandibular casts. Once the casts were mounted on the semi-adjustable articulator, the lines were drawn approximately 1 mm apical to the cementoenamel junctions of the left maxillary and mandibular central incisors. The distance between these two lines was then measured using a vernier caliper which was used to obtain the desired posterior openings. At these openings, clear acrylic material in dough stage was adapted on the occlusal surfaces from premolar to the last existing molar in the mouth. The bite splints of +2, +4, +6, and +8 mm thickness were fabricated to get the desired openings in OVD in the volunteer's mouth while taking photographs.
The patient to be photographed was draped in gray and the entire background was kept gray. Then, the patient was made to achieve the natural head position by looking at a distant point. NHP is considered to be a reliable and repeatable head position hence used in the study [5, 7] Once the desired position was achieved and was confirmed, patient was made to place his/her chin on the custom-made stand, maintaining the same head position the photograph was taken. A DSLR camera (Nikon D300 with Nikon 105 mm macro lens) at a fixed focal length of 105 mm, aperture 14, ISO 200, and at a fixed patient lens at a distance of 11 inches was used for taking photograph at 0 mm OVD (with no bite splint) after asking to close gently on the back teeth, say, "M," relax, and smile. This sequence was repeated for the successive bite splints and the photographs were obtained for data acquisition.
The photographs were imported into AutoCAD software. The photographs were imported into AutoCAD software (Autodesk Inc, US) and the following values were noted: Figure 1 ].
All the measurements were made in mm. The outline of the interior border of the display zone was traced using the pen tool, and this area wasrecorded in mm2 [ Figure 2 ]. Smile index (inter commissural width/interlabial gap) was also calculated. The values obtained for esthetic norms at smile were analyzed statistically by mean, standard deviation, and analysis of variance. For all the tests, P ≤ 0.05 was considered statistically signifi cant.
results
The values of esthetic norms at smile were tabulated and analyzed for the significance in each criteria in both male for females, it was 6.39 mm at 0 mm without any increase in OVD. There is a statistically significant P = 0.04 in gender-wise comparison.
The maximum mean value of the incisal edge-lower lip of both male and female patients was at 8 mm increase in OVD of 9.04 mm and 10.80 mm, respectively. The mean incisal edge-lower lip of both male and female patients is least at 0 mm without any increase in OVD with the mean of 3.87 mm and 5.39 mm, respectively. A statistically significant P = 0.01 and 0.03 was found in male and female patients, respectively, but gender-wise comparison shows not significant P < 0.05.
The mean interlabial gap height of both male and female patients is maximum at 8 mm increase in OVD with the mean of 20.44 mm and 18.19 mm, respectively. The mean interlabial gap height of both male and female patients is minimum at 0 mm without any increase in OVD with the mean of 11.75 mm and 11.76 mm, respectively. A statistically significant P = 0.04 and 0.01 were found in male and female patients, respectively, with increasing OVD for interlabial gap height, gender-wise comparison shows not significant P < 0.05. and female patients with sequential increase of +2, +4, +6, and +8 mm OVD and also gender-wise comparison was carried out between them [ Tables 1-3 ].
The maximum mean value of incisal edge-upper lip for both male and female patients was at 8 mm increase in OVD of 10.23 mm and 7.48 mm, respectively. The least was at 6 mm increase in OVD of 6.63 mm for males and The mean intercommissural width in male patients is maximum at 0 mm without any increase in OVD with the mean of 59.59 mm and least at 2 mm increase in OVD with the mean of 57.56 mm, whereas the mean intercommissural width in female patients is maximum at 6 mm increase in OVD with the mean of 60.07 mm and least at 0 mm without any increase in OVD with the mean of 59.26 mm. P = 0.56 and 0.35 was seen in male and female patients, respectively. No statistically significant difference was found with increasing OVD for intercommissural width in the patients, but gender-wise comparison shows statistically significant P = 0.03.
The mean internal display zone area of both male and female patients is maximum at 8 mm increase in OVD with the mean of 904.02 mm 2 and 836.22 mm 2 , respectively, and minimum at 0 mm without any increase in OVD with the mean of 605.89 mm 2 and 516.05 mm 2 , respectively. A statistically significant P = 0.03 and 0.001 were found in male and female patients, respectively, with increasing OVD for internal display zone area, but gender-wise comparison revealed P = <0.05.
The mean smile index of both male and female patients is maximum at 0 mm without any increase in OVD with the mean of 5.18 and 5.19, respectively, and minimum at 8 mm increase in OVD with the mean of 2.98 and 3.36, respectively. A statistically significant P = 0.02 was found in both male and female patients with increasing OVD for smile index, but gender-wise comparison revealed P < 0.05.
dIscussIon
A prosthodontist's major goal for all occlusal treatment is to develop harmony in the masticatory system and achieve good esthetics. Adaptive response in the system elicits to equilibrium when occlusal disharmony prevails. The adaptive process may be beneficial but not always predictable. An increased vertical dimension, while adaption may cause the lengthened teeth to intrude into the alveolar bone to regain the original jaw-to-jaw relationship or there may be an attempt to wear away the increased dimension by bruxing. There is increased loading on the lengthened teeth from muscle that is attempting to regain its normal length of contraction, and if the added compression of the supporting tissues exceeds their capacity to remodel acceptably, we will see hypermobility of the teeth and a lowered resistance in the periodontal structures. [8] However, according to Bloom and Padayachy, [7] esthetics is one of the rationale for altering OVD. Mohindra and Bulman [9] also suggested to increase the lower facial height before going for cosmetic surgery. Frank Spear [7] after reviewing stated that the position of vertical dimension is highly adaptable and none of the methods determine the correct vertical dimension, so it would be better to establish the one that suits the patient's esthetics and also that meets clinician's functional goals. They have mentioned steps to determine the vertical dimension and alter it. Abduo and Lyons [10] again mentioned esthetics as one of the determinants for increasing OVD, and this procedure is safe with subsequent signs and symptoms which would be self-limiting, provided the increase in OVD is minimum thus reducing the complex prosthodontic treatment. They also objected splint wearing in TMD-free patients as they may have signs and symptoms related to it rather than OVD increase.
In the present study, the effect of sequential increase in OVD on the esthetics norms includes the vertical distance between the incisal edge-upper lip, vertical distance between incisal edge-lower lips, interlabial gap height, intercommissural width, internal display zone area, and smile index were evaluated. To assess those criteria the digital image of each patient was taken and then calculated in AutoCAD software.
Images obtained in the study followed the principles of facial photography by Milosevic et al. [11] ADSLR camera has been preferred for the high-quality photograph documentation. A focal length of 90-105 is advised for dental photography. [12] About 100 mm focal length was used in this study for minimum distortion and maximum depth of field.
Position of patient for photography is critical. One of the tested methods for orientation of the head is the "natural position of the head," which was defined by Broca in the 19 th century as the standing position, which can be achieved when the patient is looking at a distance, this was in accordance with Lundstrom. Other methods include looking in a natural posture into a mirror and hung on the wall at eye level. [11] The natural head position can be marked using a spirit level device based on the principle of physics which underlines the fluid levels. It states that in a nonaccelerating fluid system (hydrostatic), the surface of a liquid is horizontal. The fluid surface tends to align at right angles to the force of gravity. [13] The device used in the study operates on this principle.
Tjan defined the "average smile" as one that reveals 75%-100% of the maxillary anterior teeth and interproximal gingiva. [14] Hulsey found that patients who had an upper lip which was at the height of the gingival margin of the upper central incisor to be the most esthetically pleasing. [15] Frey, in his case report, claimed that increasing the vertical dimension increases the crown-to-gum ratio and effectively decreases the gummy smile. [16] Vig and Brundo in their study found the average maxillary incisor display in men and women as 1.91 mm and 3.40 mm, respectively. [6] The another study was done by Ackerman, he found the maximum incisor exposure at posed smile to be 6.36 ± 1.67 mm. [1] Van der Geld in his study on age-related differences at rest and smile position found the rest position of the upper lip to maxillary central incisor decreased from 5.5 mm to 2.0 mm. [17] Misch in his study observed the vertical exposure of maxillary incisors at repose for females having an average value of 3.8 mm and males having an average value of 2.5 mm. [18] In a study conducted by Desai, it was concluded that incisal edge display decreased with increasing age. [19] Chetan et al. in their study found the changes in upper lip length from rest to smile decreased by 5.58% in males and by only 1.31% in females. [20] In a study done by Hu, it was observed that frequencies of gingival display in the central incisor region for women and men were 42% and 28%, respectively. [21] The results of the present study show an increase in maxillary incisor display in both female and male patients with increase in OVD, whereas a statistically significant difference with respect to both the patients were observed. This suggests that during treatment planning it should be noted that, the upper lip at smile is not to be expected to move down with increase in OVD.
An evaluation was done on the effect of increasing OVD on the lower facial height in dental students aged 26-40 years by Gross, who concluded that there is no visual apparent changes in soft-tissue face height when changes in OVD in fixed prosthodontics treatment ranges between 2 and 6 mm, but observed a change of +4 mm in lower face height with +8 mm increase in OVD. [22] Chou et al. conducted a study and found a +5.17 mm increase in incisal edge-lower lip distance with increase in OVD. [23] But in the present study, statistically significant increase in incisal edge-lower lip at smile is observed in all patients with an increase in OVD.
With the increase in vertical dimension of occlusion, the separation between the maxilla and the mandible are also increased eventually. Hence, it is probable that the upper and lower lips positions will also change during smiling. Ackerman evaluated the smiles of 50 young patients with a mean age of 12.5 years and he found the interlabial gap at posed smile was found to be 8.41 ± 2.10 mm. [1] McNamara et al. studied esthetics of posed smile in growing patients using video analysis, they found the average interlabial gap height to be 10.4 ± 3.7 mm. [24] Desai et al. evaluated the changes in smile, with respect to age and found the mean interlabial gap height for age group 20-29 years as 10.42 mm. [19] Chou et al. in their study found interlabial gap height at rest to be 10.42 ± 3.28 mm. [23] In the present study, also there is statistically significant increase in the interlabial gap height in all patients with increase in OVD.
The movement of the corners of the mouth is dictated by the modiolus, where eight muscles meet, among which the zygomaticus major and the triangularis muscles are of prime concern, as they are inserted into the zygomatic arch and the mandible, respectively. Thus, by increasing the OVD, it is possible that the distance between the corners of the mouth will be altered. McNamara et al. in their study on esthetics of posed smile found the average intercommissure width as 61.1 ± 5.4 mm. [24] Chetan et al. conducted a study to determine the age and gender differences in measurements of smile and concluded that there was a decrease in intercommissural width from rest to smile and also with increasing age in both males and females. [20] Chou et al. in their study found intercommissural width at rest to be 62.90 ± 4.17 mm. [23] The results obtained in this study showed slight decrease in intercommissural width with an increase in OVD in all patients, but there is statistically significant difference between male and female patients.
Ackerman described the "display zone" as the area framed by the upper and lower lips. [1] Chou et al. in their study found display zone area of 509.08 ± 190.08 mm² at +0 mm OVD. [23] In this study, there is high standard deviation thus indicating a considerable amount of variability in display zone area among different patients. A statistically significant increase in display zone area was found in both male and female patients with increasing OVD.
According to Desai et al., an increase in smile index was observed with increasing age, which progressed from 5.63 in 15-19-year-old age group to 8.05 in 50-year-old people. [19] Chou et al. found smile index at +0 OVD to be 6.58 ± 1.92 which decreased to 4.38 ± 1.29 at +8 mm OVD. He also summarized that a clinical decision can be made for altering OVD using the age-related pretreatment smile index average values. [23] In the present study, an increase in OVD led to a decrease in the smile index, thus signifying that OVD has a profound influence on smile index. Thus, data obtained from the dentulous patients will serve as guide to use those average values to achieve natural esthetics in full mouth rehabilitation patients as well as in edentulous patients.
conclusIon
Within the limitations of this study, the following conclusions may be drawn;
A statistically significant increase in incisal edge to lower lip distance, interlabial gap height, and display zone area was found in both male and female patients with increased OVD. The smile index decreased with increased OVD in both male and female patients. A change in the intercommissural width and a change in the length of the upper lip at smile should not be expected with an increase in the OVD in male and female patients.
These esthetic norms of smile of this study can be useful in treatment of cases where there is loss of vertical dimension and an increase in OVD is desired or to improve the facial esthetics in patients. The digital photography for evaluation of those norms was found to be a helpful aid and easier approach for diagnosis and treatment planning.
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